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GROUND DETECTION FOR TOUCH 
SENSITIVE DEVICE 

FIELD 

This relates generally to touch sensitive devices and, more 
particularly, to detecting a grounded State of a touch sensi 
tive device. 

BACKGROUND 

Many types of input devices are presently available for 
performing operations in a computing system, such as 
buttons or keys, mice, trackballs, joysticks, touch sensor 
panels, touch screens and the like. Touch sensitive devices, 
Such as touch screens, in particular, are becoming increas 
ingly popular because of their ease and versatility of opera 
tion as well as their declining price. A touch sensitive device 
can include a touch sensor panel, which can be a clear panel 
with a touch-sensitive surface, and a display device Such as 
a liquid crystal display (LCD) that can be positioned par 
tially or fully behind the panel so that the touch-sensitive 
surface can cover at least a portion of the viewable area of 
the display device. The touch sensitive device can allow a 
user to perform various functions by touching the touch 
sensor panel using a finger, stylus or other object at a 
location often dictated by a user interface (UI) being dis 
played by the display device. In general, the touch sensitive 
device can recognize a touch event and the position of the 
touch event on the touch sensor panel, and the computing 
system can then interpret the touch event in accordance with 
the display appearing at the time of the touch event, and 
thereafter can perform one or more actions based on the 
touch event. 
When the touch sensitive device is poorly grounded, 

recognizing a touch event can become difficult. The poor 
grounding can cause touch values representing the touch 
event to be erroneous or otherwise distorted by undesirable 
capacitive coupling introduced into the device. Conse 
quently, actions to be performed based on the touch event 
can likewise be erroneous or otherwise distorted. 

SUMMARY 

This relates to ground detection for a touch sensitive 
device. The device can detect its grounded State so that poor 
grounding can be compensated for in touch signals outputted 
by the device. The device can include one or more compo 
nents that monitor certain conditions of the device. The 
device can analyze the monitored conditions to determine 
whether the device is grounded. The device can selectively 
apply a function to compensate its touch signal outputs if the 
device determines that it is poorly grounded. Conversely, the 
device can selectively ignore the function if the device 
determines that it is well grounded. Ground detection can 
advantageously provide improved touch sensing and power 
savings by not having to repeat measurements subject to 
poor device grounding. Additionally, the device can more 
robustly adapt to various grounding conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an exemplary touch sensitive device 
having a connector sensor that can be used for detecting a 
grounded State of the device according to various embodi 
mentS. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
FIG. 2 illustrates an exemplary touch sensitive device 

having a motion sensor that can be used for detecting a 
grounded State of the device according to various embodi 
mentS. 

FIG. 3 illustrates an exemplary touch sensitive device 
having a proximity sensor that can be used for detecting a 
grounded State of the device according to various embodi 
mentS. 

FIG. 4 illustrates an exemplary touch sensitive device 
having a perimeter sensor that can be used for detecting a 
grounded State of the device according to various embodi 
mentS. 

FIG. 5 illustrates an exemplary touch sensitive device 
having a notification algorithm that can be used for detecting 
a grounded State of the device according to various embodi 
mentS. 

FIG. 6 illustrates an exemplary touch sensitive device 
having a touch sensor panel that can be used for detecting a 
grounded State of the device according to various embodi 
mentS. 

FIG. 7 illustrates an exemplary method for detecting a 
grounded State of a touch sensitive device according to 
various embodiments. 

FIG. 8 illustrates an exemplary computing system of a 
touch sensitive device that can detect a grounded State of the 
device according to various embodiments. 

FIG. 9 illustrates an exemplary mobile telephone that can 
detect its grounded State according to various embodiments. 

FIG. 10 illustrates an exemplary digital media player that 
can detect its grounded State according to various embodi 
mentS. 

FIG. 11 illustrates an exemplary personal computer that 
can detect its grounded State according to various embodi 
mentS. 

FIG. 12 illustrates an exemplary method for detecting a 
state of a touch sensitive device according to various 
embodiments. 

DETAILED DESCRIPTION 

In the following description of various embodiments, 
reference is made to the accompanying drawings which 
form a part hereof, and in which it is shown by way of 
illustration specific embodiments which can be practiced. It 
is to be understood that other embodiments can be used and 
structural changes can be made without departing from the 
Scope of the various embodiments. 

This relates to detecting a grounded State of a touch 
sensitive device. The device can selectively compensate 
touch signal outputs for error introduced into the outputs as 
a result of the device's grounded state. When the device is 
poorly grounded, the device can apply the compensation. 
When the device is well grounded, the device can omit the 
compensation. In some embodiments, to detect the grounded 
state, the device can check one or more parameters which 
can be indicative of the device's grounding. The device can 
analyze the parameters values to determine whether the 
device is grounded. The device can selectively apply the 
compensation in accordance with the grounded determina 
tion. 
The ability to detect how well grounded a touch sensitive 

device is can advantageously provide more accurate and 
faster touch sensing by not having to repeat measurements 
Subject to poor device grounding. Power savings can also be 
realized by not having to repeat measurements. Additionally, 
the device can more robustly adapt to various grounding 
conditions. 
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The terms “poorly grounded,” “ungrounded,” “not 
grounded,” “not well grounded,” “improperly grounded.” 
"isolated, and “floating can be used interchangeably to 
refer to poor grounding conditions that can exist when the 
touch sensitive device is not making a low resistance elec 
trical connection to ground. 

The terms “grounded,” “properly grounded,” and “well 
grounded can be used interchangeably to refer to good 
grounding conditions that can exist when the touch sensitive 
device is making a low resistance electrical connection to 
ground. 

Although various embodiments can be described and 
illustrated herein in terms of touch sensitive devices, it 
should be understood that the various embodiments are not 
so limited, but can be additionally applicable to any device 
for which the device's grounded state can be determined and 
the device can be selectively adjusted to correct, improve, or 
otherwise change the device's state, operation, output, and 
the like. 
When a well grounded touch sensitive device receives a 

touch by an object, such as a user's fingers, the device's 
mutual signal capacitance Csig at the touch location can be 
properly changed to produce a pixel touch output value 
indicative of a true touch event. However, when a poorly 
grounded touch sensitive device receives a touch by an 
object, Such as a user's fingers, undesirable charge coupling 
called negative capacitance Cneg can be introduced into the 
device to cause the pixel touch output value to be in the 
opposite direction of the intended mutual capacitance 
change. As such, a pixel experiencing touch under poor 
grounding conditions can appear to detect less of a touch 
than is actually present, known as a “negative pixel.” 
Negative pixel compensation can be selectively applied to 
the negative pixel touch output value to reduce or eliminate 
the negative pixel effect. However, to be effective, the 
negative pixel compensation should be applied under appro 
priate conditions and in appropriate amounts. Since negative 
capacitance Cneg can be a function of how well the touch 
sensitive device is grounded, the device's grounded State can 
be detected so that negative pixel compensation can be 
applied as needed. The detection can be done by monitoring 
various touch sensitive device parameters indicative of the 
device's grounding and determining the grounding based on 
the monitored parameters’ values. FIGS. 1 through 6 illus 
trate exemplary device parameters and corresponding device 
components that determine the parameters values which 
can be used for detecting a grounded State of a touch 
sensitive device according to various embodiments. 

FIG. 1 illustrates an exemplary touch sensitive device 
having connector sensors and detectors that can be used for 
detecting the device's grounded State according to various 
embodiments. In the example of FIG. 1, touch sensitive 
device 10 can include touch panel 11, which can receive a 
touch by an object and produce touch signals (or touch 
output values) indicative of that touch. The touch sensitive 
device 10 can also include one or more connector ports 10a, 
10b, and 10c for connecting to various components. Con 
nector port 10a can connect the touch sensitive device 10 to 
power cable 12 (the connection symbolically illustrated by 
the circle “1”). The power cable 12 can connect to a wall 
outlet or some other AC power supply to power the device 
10. Connector sensor 13a can sense power from the power 
cable 12 via the connector port 10a. The sensed power can 
indicate that the device 10 is plugged into a wall outlet, for 
example, thereby grounding the device through the wall 
ground. Therefore, sensing power via the connector port 10a 
can indicate that the touch sensitive device 10 is grounded 
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4 
Such that negative pixel compensation can be either deacti 
vated or reduced, if currently active, or can remain inactive 
otherwise, when the touch panel 11 produces touch signals. 

Connector port10b can connect the touch sensitive device 
10 to USB cable 16 (the connection symbolically illustrated 
by the circle “2). The USB cable 16 can connect to a USB 
port of another device, e.g., a computer, to power the touch 
sensitive device 10 and/or transmit data between the touch 
sensitive device and the connecting device. Connector sen 
sor 13a can sense the USB connection via the connection 
port 10b. The sensed connection can indicate that the device 
10 is coupled to a computer, for example, thereby grounding 
the device through the computer ground. Therefore, sensing 
the connection via the connector port 10b can indicate that 
the touch sensitive device 10 is grounded such that negative 
pixel compensation can be either deactivated or reduced, if 
currently active, or can otherwise remain inactive, when the 
touch panel 11 produces touch signals. 

Connector port 10c can connect the touch sensitive device 
10 to connector port 18c of dock 18 (the connection sym 
bolically illustrated by the circle “3’). The dock 18 can in 
turn connect to either the power cable 12 via dock connector 
port 18a (the connection symbolically illustrated by the 
circle “1”) or the USB cable 16 via dock connector port 18b 
(the connection symbolically illustrated by the circle “2). 
The touch sensitive device 10 can receive power from the 
power cable 12 through the dock connections. The touch 
sensitive device 10 can also receive power and/or data from 
the USB cable 16 through the dock connections. Resistor pin 
13.b in the connector port 10c can connect to a resistor of the 
connecting component, e.g., a resistor of either the power 
cable 12 or the USB cable 16. When the resistor pin 13b sees 
a resistance characteristic of the connecting component, the 
device 10 can identify from that resistance the component, 
e.g., the cable, to which the device is connected. For 
example, if the dock 18 is connected to the power cable 12, 
the resistor pin 13b can identify the characteristic resistance 
of the power cable and the device 10 can determine that it 
is connected to the power cable. The device 10 can use the 
identification (and other information, if needed) to deter 
mine its grounded State. For example, the device 10 can 
identify its connection to the power cable 12 via the resistor 
pin 13b. Therefore, sensing the resistance via the resistor pin 
13b can indicate that the touch sensitive device 10 is 
grounded via the power cable's connection to a wall outlet 
or other AC power Supply such that negative pixel compen 
sation can be either deactivated or reduced, if currently 
active, or can otherwise remain inactive when the touch 
panel 11 produces touch signals. Similar determinations can 
be made regarding the USB cable's connection between the 
dock 18 and a computer, for example. 

In some embodiments, the dock 18 can include a resistor 
18d, such that the resistor pin 13b can sense the dock's 
characteristic resistance and the device 10 can determine 
that it is connected to the dock. The device 10 can sense the 
dock's resistor in cases where neither the power cable 12 nor 
the USB cable 16 are connected to the dock 18 and therefore 
to the device. This can be an indication that the device 10 is 
not connected to a grounded device and therefore is not 
grounded. As such, negative pixel compensation can be 
adjusted, if currently active, or activated, if currently inac 
tive, for applying to touch signals. 

In some embodiments, the connector port 10c of the touch 
sensitive device 10 can have additional pins, including a 
USB pin (not shown) to indicate a connection to the USB 
cable 16 through the dock 18 and a power pin (not shown) 
to indicate a connection to the power cable 12 through the 
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dock. When these device pins sense a USB signal or power, 
the device 10 can determine whether it is sufficiently 
grounded Such that negative pixel compensation can be 
either deactivated or reduced, if currently active, or can 
otherwise remain inactive, when the touch panel 11 pro 
duces touch signals. 
The connector port 10c can also connect the touch sen 

sitive device 10 to adapter cable 14 (the connection sym 
bolically indicated by the circle “3’). The adapter cable 14 
can connect to a wall outlet or some other AC power Supply 
to power the device 10. The resistor pin 13b in the connector 
port 10c can sense the characteristic resistance of the adapter 
cable 14 and the device 10 can identify that it is connected 
to the adapter cable. The device 10 can use the identification 
(and other information, if needed) to determine its grounded 
state. Sensing the resistance via the resistor pin 13b can 
indicate that the touch sensitive device 10 is grounded such 
that negative pixel compensation can be either deactivated 
or reduced, if currently active, or can otherwise remain 
inactive, when the touch panel 11 produces touch signals. 

In some embodiments, different power cables can result in 
different grounding conditions for the touch sensitive 
device. For example, one type of power cable connectable to 
the device can have three prongs Such that the device ground 
can directly connect to the wall ground, resulting in a well 
grounded device. As such, negative pixel compensation can 
be deactivated or reduced, if currently active, or can other 
wise remain inactive, when the touch panel produces touch 
signals. Another type of power cable connectable to the 
device can have two prongs and a relatively high net 
capacitance, resulting in a poorly grounded device. As such, 
negative pixel compensation can be adjusted, if currently 
active, or activated, if currently inactive, for applying to 
touch signals. Another type of power cable connectable to 
the device can have two prongs and a relatively low net 
capacitance, resulting in a better grounded device. As such, 
negative pixel compensation can be either deactivated or 
adjusted as needed, if currently active, or either activated or 
adjusted as needed, if currently inactive, for applying to 
touch signals. 

Additional and/or other connecting components and com 
binations can be used to determine a grounded State of the 
touch sensitive device according to various embodiments. 

FIG. 2 illustrates an exemplary touch sensitive device 
having motion sensors that can be used for detecting the 
device's grounded State according to various embodiments. 
In the example of FIG. 2, touch sensitive device 20 can 
include touch panel 21, which can receive a touch and 
produce touch signals indicative of the touch. The touch 
sensitive device 20 can also include motion sensor 22 to 
sense the device's orientation and motion. Example motion 
sensors can include accelerometers, gyroscopes, and the 
like. Sensing the orientation and motion of the device 20 can 
give an indication of the device's current status, which can 
be indicative of the device's grounded state. For example, if 
the motion sensor 22 of the device 20 senses a particular 
pattern, frequency, and/or magnitude of vibrations unique to 
humans, the device can determine that it is in contact with 
a user, e.g., being held, and therefore grounded. These 
patterns, frequencies, and/or magnitudes can be predeter 
mined or can be “learned if the user places the device into 
a learning state while holding, moving, or walking with the 
device, for example. As such, negative pixel compensation 
can be deactivated or reduced, if currently active, or can 
otherwise remain inactive, when the touch panel 21 pro 
duces touch signals. If the motion sensor 22 senses motion 
that is determined not to be human vibrations, the device 20 
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6 
can use additional information about the object moving the 
device to determine whether the device is grounded. Con 
versely, if the motion sensor 22 senses that the device 20 is 
Substantially stationary and/or oriented in a particular man 
ner, the device can determine that it is in a dock or on a 
surface. If in a dock, the device 20 can use additional 
information, e.g., the dock connections, to determine 
whether the device is grounded. If on a surface, the device 
20 can use additional information, e.g., the device connec 
tions or the surface, to determine whether the device is 
grounded. The device 20 can selectively apply negative 
pixel compensation to the touch signals based on the deter 
mination. 

FIG. 3 illustrates an exemplary touch sensitive device 
having proximity sensors that can be used for detecting the 
device's grounded State according to various embodiments. 
In the example of FIG. 3, touch sensitive device 30 can 
include proximity sensors 34 for sensing Surfaces proximate 
to the device. The touch sensitive device 30 can also include 
a touch panel (not shown) for receiving a touch and pro 
ducing touch signals indicative of the touch. In some 
embodiments, the proximity sensors 34 can be disposed at a 
back surface of the touch sensitive device 30 (as shown in 
FIG. 3) to sense the surface proximate to the back of the 
device or that the device rests against. In some embodi 
ments, the proximity sensors 34 can be disposed at a side 
surface of the touch sensitive device 30 to sense the surface 
proximate to the sides of the device or that the device rests 
against. In some embodiments, the proximity sensors 34 can 
be disposed at a front surface of the touch sensitive device 
30 to sense the surface proximate to the front of the device 
or that the device rests against. In some embodiments, the 
proximity sensors 34 can be disposed at multiple locations 
of the device, including the back, the sides, the front, and so 
on. Example proximity sensors can include capacitive, infra 
red, optical, ultrasound, etc., sensors. 

Sensing a surface proximate to the touch sensitive device 
30 can identify the type of surface, e.g., wood, metal, plastic, 
organic, inorganic, human, and so on. For example, sensing 
a proximate human Surface can be an indication that the 
device 30 is being held by a user or resting in the user's lap 
and therefore grounded. As such, negative pixel compensa 
tion can be deactivated or reduced, if currently active, or can 
otherwise remain inactive. Sensing a proximate wood Sur 
face can be an indication that the device 30 is resting on a 
table top and therefore likely poorly grounded. As such, 
negative pixel compensation can be adjusted, if currently 
active, or activated, if currently inactive, to apply to touch 
signals from the touch panel. Sensing a rubber Surface can 
be an indication that the device 30 is in a protective case and 
therefore likely poorly grounded, even if held by the user 
since the rubber can act as an insulator. As such, negative 
pixel compensation can be adjusted, if currently active, or 
activated, if currently inactive, to apply to touch signals. In 
Some embodiments, when a Surface is proximate to the 
device 30, the proximity sensor 34 can sense a capacitance 
of the object having the proximate surface. Based on the 
sensed capacitance, the device 30 can identify the proximate 
Surface. 

In some embodiments, other property sensors can be used 
to sense one or more identifying physical properties of the 
Surface. Example properties can include temperature, tex 
ture, refractivity, conductivity, permeability (ability of mate 
rial to respond to a magnetic field), density, and the like. For 
example, a density sensor can sense a density of an object in 
the volume of space near the device 30, a temperature sensor 
can sense a temperature of an object proximate to the device, 
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and so on. Values of properties for various Surfaces can be 
stored in memory and compared to the sensed properties to 
identify the proximate surface, for example. Based on the 
identified proximate Surface, the device can determine its 
grounded State and whether negative pixel compensation 
should be applied. 

In Some embodiments, other sensors can be used in 
conjunction with the proximity sensors 34 to detect the 
grounded state of the touch sensitive device 30. For 
example, the proximity sensors 34 can be used in conjunc 
tion with the motion sensors of FIG. 2 to determine whether 
the touch sensitive device 30 is laying flat on a surface and 
what type of Surface and, from at least this information, 
determine the device's grounded state. Based on this deter 
mination, the device 30 can selectively apply negative pixel 
compensation to the touch signals. 

FIG. 4 illustrates an exemplary touch sensitive device 
having perimeter sensors that can be used for detecting the 
device's grounded State according to various embodiments. 
In the example of FIG. 4, touch sensitive device 40 can 
include touch panel 41 to receive a touch and produce touch 
signals indicative of the touch. The touch sensitive device 40 
can also include sensor 42 around the perimeter of the device 
for sensing a users hand 45 or other object touching or 
holding the device. The sensor 42 can be around the perim 
eter because a user is likely to touch the perimeter of the 
touch sensitive device 40 as the user holds the device. 
However, it is to be understood that the location of the 
sensor is not limited to the perimeter, but can be disposed 
anywhere on the device that a user is likely to touch or hold. 

In some embodiments, the sensor 42 can be a capacitive 
sensor to sense a touch at the device 40. The capacitive 
sensor can be a self capacitance sensor, in which a conduc 
tive electrode disposed around a perimeter of the touch 
sensitive device 40 can be charged to generate fringing 
electric fields around the perimeter edges and form a self 
capacitance with respect to ground. A grounded object, e.g., 
a user's hand, can capacitively couple with the electrode as 
the object touches the device, thereby adding to the self 
capacitance. The increase in the self capacitance of the 
electrode can be measured by the device 40 to determine 
whether the object is touching the device. In addition or 
alternative to a signal charging the perimeter electrode, a 
signal can be applied to all or portions of the touch sensitive 
device 40 and associated electronics to generate electric 
fields between the device and a ground electrode, thereby 
forming a self capacitance with respect to ground. 

In some embodiments, the capacitive sensor can be a 
mutual capacitance sensor, in which a pair of conductive 
electrodes can be disposed in close proximity to each other 
around a perimeter of the touch sensitive device 40 and in 
which one of the electrodes can be charged (e.g., stimulated 
with an AC Voltage) to form fringing electric fields and a 
mutual capacitance therebetween. A grounded object, e.g., a 
users hand, can capacitively couple with the charged elec 
trode as the object touches the device, thereby stealing 
charge away from the charged electrode and reducing the 
mutual capacitance. The reduction in the mutual capacitance 
can be measured by the device 40 to determine whether the 
object is touching the device. The sensor 42 can sense a 
touch or hold on the front, the back, and/or the sides of the 
device 40. 

Sensing a touch on the device 40 can be an indication that 
the device is being held and therefore grounded. As such, 
negative pixel compensation can be deactivated or reduced, 
if currently active, or can otherwise remain inactive, when 
the touch panel 41 produces touch signals. 
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8 
In some embodiments, multiple electrodes (in self capaci 

tance embodiments) or multiple pairs of electrodes (in 
mutual capacitance embodiments) can be used rather than a 
single continuous electrode or a single pair of continuous 
electrodes. The multiple electrodes can be disposed single 
file around a perimeter of the touch sensitive device with 
Small spaces between consecutive electrodes. In addition to 
the device determining that a user has touched the device 
based on sensed signals from the electrodes, the device can 
determine the location of the touch based on which elec 
trodes transmitted the sensed signals. Similarly, in some 
embodiments, a segmented electrode or a segmented pair of 
electrodes can be used rather than the single continuous 
electrode or the single pair of continuous electrodes. 

In some embodiments, the touch sensitive device can 
include a pair of shielding electrodes disposed along both 
sides of the perimeter sensor (electrode or electrode pair) 
around the perimeter of the device. The shielding electrodes 
can be used to isolate the capacitive coupling at the sensor 
location of the device and minimize parasitic cross coupling, 
thereby improving the sensing of a touch at the other 
locations of the device. For example, the perimeter sensor 
can be located on the front surface of the device with the 
shielding electrodes around the sensor so that capacitive 
coupling and touch sensing at the back Surface of the device 
can be improved. Improved touch sensing at the back 
Surface can be useful for instances when a user is more likely 
to contact the back of the device than the front, e.g., when 
the user cradles or cups the device in the users hands. 
As shown in FIG. 4, the perimeter sensor can be on the 

front of the device. In some embodiments, the perimeter 
sensor can be on the sides of the device. In some embodi 
ments, the perimeter sensor can be on the back of the device. 
In some embodiments, the perimeter sensor can be on 
combinations of the front, the sides, and the back depending 
on the needs of the device. 

FIG. 5 illustrates an exemplary touch sensitive device 
having a notification algorithm that can be used for detecting 
a grounded State of the device according to various embodi 
ments. In the example of FIG. 5, touch sensitive device 50 
can include touch panel 51, which can receive a touch and 
produce touch signals indicative of the touch. The touch 
sensitive device 50 can also include processor 52 and 
memory 54. The memory 54 can store various applications 
56 that can be executed by the processor 52 to operate on the 
device 50. The memory 54 can also store notification 
algorithms 58 that can also be executed by the processor 52 
to issue a notice when an application 56 is executed that 
could be affected by the device 50 being poorly grounded. 
For example, an application 56 that requires a user to touch 
the device 50 with multiple fingers 55 at the same time can 
cause the negative pixel effect, as described previously. As 
Such, negative pixel compensation can be applied to the 
multiple-finger touch signals produced by the touch panel 51 
when that application executes. Conversely, negative pixel 
compensation can be omitted when an application 56 that 
requires the user to touch the device 50 with only one finger 
eXecuteS. 

In some embodiments, a notification algorithm can moni 
tor the application log or other processing data and issue a 
notice when a multiple finger application executes. The 
notice can trigger the negative pixel compensation to be 
applied. In some embodiments, a multiple finger application 
can send a message to the notification algorithm that it is 
running, causing the notification algorithm to issue a notice 
and trigger the application of negative pixel compensation. 
In some embodiments, the notification algorithm can be 
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incorporated into the application. In some embodiments, the 
notification algorithm can be separate and in communication 
with the application. 

Example applications that can require multiple finger 
touches on the touch sensitive device can include a virtual 
keyboard display, a multiple finger gesture input, and the 
like. 

It is to be understood however that not only multiple 
finger applications, but other applications and/or operating 
conditions of the device can be affected by a poorly 
grounded device, causing the notification algorithm to issue 
a notice upon execution of those applications and/or detec 
tion of those conditions. 

FIG. 6 illustrates an exemplary touch sensitive device 
having a touch sensor panel that can be used for detecting a 
grounded State of the device according to various embodi 
ments. In the example of FIG. 6, touch sensitive device 60 
can include touch sensor panel 61 for sensing a touch at the 
device. The touch sensor panel 61 can include multiple rows 
of drive lines 62 and multiple columns of sense lines 63 with 
the intersections of the drive and sense lines forming touch 
pixels 64. When the drive lines are charged, they can 
capacitively couple with the sense lines to provide mutual 
capacitance (similar to that described previously) and the 
sense lines can transmit a touch signal indicative of a touch 
at the panel 61 to sensing circuitry (not shown). The touch 
signals can be analyzed to determine the characteristics of 
the touch, including the location, orientation, shape, move 
ment, and so on, of the touch image generated by the touch. 
For example, a user's finger tip touching the panel can 
produce a circular touch image. Multiple finger tips can 
produce multiple circular touch images adjacent to each 
other. A thumb can produce an oval touch image, which can 
be vertical, horizontal, or angular, depending on the orien 
tation of the thumb when touching the panel. 
A user's grip of an item can typically pose the thumb at 

an angle on a front Surface of the item with the fingers either 
on or encircling the back Surface of the item. In the case of 
the touch sensitive device 60, a user's grip 65 can pose the 
thumb at an angle on the front of the device at a lower corner. 
Consistently, the touch image of the thumb produced by the 
touch panel 61 can have an oval shape at a lower corner of 
the image with an angular orientation. 

Accordingly, sensing a touch image having this thumb 
configuration can be an indication that the touch sensitive 
device is being held and therefore grounded. As such, 
negative pixel compensation can be deactivated or reduced, 
if currently active, or can otherwise remain inactive, when 
the touch panel 61 generates a touch signal. 

It is to be understood that the embodiments and param 
eters described in FIGS. 1 through 6 can be used individu 
ally or in various combinations to detect the grounded State 
of a touch sensitive device. It is further to be understood that 
the embodiments and parameters are not limited to those 
described herein, but can include additional and/or other 
embodiments and parameters capable of being used for 
detecting the device's grounded state. 

FIG. 7 illustrates an exemplary method for detecting a 
grounded State of a touch sensitive device according to 
various embodiments. In the example of FIG. 7, a determi 
nation can be made whether a touch event has occurred at a 
touch sensitive device (70). If so, a touch image of the touch 
event can be captured by the device (71). Various parameters 
of the device can be checked (72). For example, the param 
eters as described in FIGS. 1 through 6 can be checked. The 
parameters’ values can be analyzed to determine the 
grounded state of the device (73). 
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10 
In some embodiments, the parameters’ values can be 

binary, e.g., “state 1” or “state 2,” “1” or “0” “on” or “off.” 
“yes” or “no.” and so on. For example, the power connector 
values can be “yes” if the power cable is plugged into the 
wall and 'no' if the power cable is either not plugged into 
the wall or not connected to the device. 

In some embodiments, a single parameter value can be 
used to determine that the device is grounded. For example, 
a power value indicating that the device is plugged into the 
wall can determine that the device is grounded. In that case, 
other parameters’ values can be discarded or otherwise 
ignored in the analysis. In some embodiments, multiple 
parameter values can be used to determine that the device is 
grounded. For example, a motion value indicating that the 
device is lying stationary and flat, a proximity value indi 
cating that the device is lying on a wood table top, and a 
power value indicating that the device is not plugged into the 
wall can determine that the device is not properly grounded. 
In Such instances, other parameters’ values can be discarded 
or otherwise ignored in the analysis. In some embodiments, 
the parameter values can be weighted and the mathematical 
result (e.g., Sum, product, ratio, etc.) of the weighted values 
can indicate the grounded State, where parameters which are 
stronger or more determinative indicators of the device's 
grounded state can have higher weights and parameters 
which are weaker or inconclusive indicators of the grounded 
state can have lower weights. The mathematical result can 
be a particular one of multiple possible values, e.g., an 
analog value, indicating the degree of grounding, or can be 
compared to a threshold, indicating 'grounded above the 
threshold and “not grounded' below the threshold. In some 
embodiments, a lookup table can be used to determine 
whether the device is grounded, where each entry of the 
lookup table can include a permutation of the possible 
parameters’ values and a grounded State based on that 
permutation. 

In some embodiments, the grounded State can be a binary 
value, e.g., grounded can be “yes” and not grounded can be 
'no.' In some embodiments, the grounded State can be a 
particular one of multiple possible values, e.g. an analog 
Value, indicating the degree of grounding, e.g., ranging from 
grounded at 1.0 to not grounded at 0.0. 
The following depict exemplary scenarios in which 

parameters of a touch sensitive device can be used to detect 
whether the device is grounded. In one example scenario, if 
the device is in a dock and plugged into the wall, a connector 
sensor in the device can sense that the power cable is 
plugged in to determine that the device is grounded. In 
another example scenario, if the device is held in a user's 
hand, a motion sensor can sense the signature human vibra 
tion and the perimeter sensor can sense the users touch at 
the device to determine that the device is grounded. In 
another example scenario, if the device is in a dock and 
untouched, none of the parameters’ values can likely pro 
vide information that can determine whether the device is 
grounded. For example, the motion sensor can sense an 
upright pose of the device and the proximity sensor can 
perhaps sense the dock being proximate to the device, but 
neither may be sufficient to determine the grounded State, 
depending on the device. In this instance, a default deter 
mination can be made, e.g., that the device is not grounded. 
In one example scenario, if the device is in a dock and being 
touched, the perimeter sensor can sense the users touch at 
the device. However, the user may not be touching enough 
of the device to fully ground the device, which can result in 
a false positive determination that the device is grounded. As 
Such, the absence of other parameters, e.g., an indication 
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from the connector sensor that the power cable is plugged in, 
can be used to determine, despite the perimeter sensor value, 
that the device is either not or just partially grounded. In 
another example scenario, if the device is in a user's lap, the 
motion sensor can sense the signature human vibration and 
the proximity sensor can sense the user's lap under the 
device such that it can be determined that the device is 
grounded. In another example scenario, if the device is in a 
protective cover, the proximity sensor can sense the cover 
material such that it can be determined that the device is not 
grounded. 

Based on the determined grounded state of the device, a 
determination can be made whether to selectively apply 
negative pixel compensation and how much, e.g., fully, 
partially, or not at all (74). If the determined grounded state 
is well grounded, negative pixel compensation can be deac 
tivated or reduced, if currently active, or can otherwise 
remain inactive. If the determined grounded State is anything 
else, negative pixel compensation can be adjusted, if cur 
rently active, or activated, if currently inactive. In terms of 
how much to apply, in Some embodiments where the 
grounded State is a binary value, the amount of negative 
pixel compensation can also be a binary value, e.g., if the 
grounded State is “yes,” the negative pixel compensation can 
be omitted or not applied at all, and if the grounded State is 
'no.' the negative pixel compensation can be applied fully. 

In some embodiments where the grounded State can have 
one of multiple values, e.g. an analog value, the amount of 
negative pixel compensation to be applied can be scaled 
either up or down based on the extent that the device is 
grounded, i.e., based on the grounded value. For example, if 
the degree of grounding is 0.8, indicative of some ground 
ing, the amount of negative pixel compensation can be 
decreased by 80% from a predetermined full amount, since 
less negative pixel effect is likely. Conversely, if the degree 
of grounding is determined to be 0.2, indicative of some, but 
not a significant amount of grounding, the amount of nega 
tive pixel compensation can be decreased by only 20% from 
the full amount, since a significant negative pixel effect is 
likely. As such, the amount of negative pixel compensation 
to be applied can be proportionate to the extent of the device 
grounding. 

In some embodiments, the negative pixel compensation 
can be calculated. In some embodiments, the negative pixel 
compensation can be predetermined, e.g., accessed from a 
lookup table. 
The determined negative pixel compensation can be 

applied to the touch image to adjust the touch signals, 
thereby reducing or eliminating any negative pixel effects 
and providing more accurate touch signals (75). The 
adjusted touch image can be further processed to get touch 
information for use by the device (76). 

This method can be repeated each time a touch event 
occurs at the device. Alternatively, this method can be 
repeated periodically between multiple touch events, 
depending on the needs of the device. 

FIG. 8 illustrates an exemplary computing system 80 of a 
touch sensitive device that can detect a grounded State of the 
device according to various embodiments described herein. 
In the example of FIG. 8, computing system 80 can include 
touch controller 84. The touch controller 84 can be a single 
application specific integrated circuit (ASIC) that can 
include one or more processor Subsystems 84a, which can 
include one or more main processors, such as ARM968 
processors or other processors with similar functionality and 
capabilities. However, in other embodiments, the processor 
functionality can be implemented instead by dedicated logic, 
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12 
Such as a state machine. The processor Subsystems 84a can 
also include peripherals (not shown) such as random access 
memory (RAM) or other types of memory or storage, 
watchdog timers and the like. The touch controller 84 can 
also include receive section 84g for receiving signals. Such 
as touch signals 86b of one or more sense channels (not 
shown), other signals from other sensors such as sensor 85. 
as described above in FIGS. 1 through 6, for example. The 
touch controller 84 can also include demodulation section 
84b Such as a multistage vector demodulation engine, panel 
scan logic 84f. and transmit section 84e for transmitting 
stimulation signals 84i to touch sensor panel 86 to drive the 
panel. The panel scan logic 84f can access RAM 84c, 
autonomously read data from the sense channels, and pro 
vide control for the sense channels. In addition, the panel 
scan logic 84f can control the transmit section 84e to 
generate the stimulation signals 84i at various frequencies 
and phases that can be selectively applied to rows of the 
touch sensor panel 86. 
The touch controller 84 can also include charge pump 

84d, which can be used to generate the Supply Voltage for the 
transmit section 84e. The stimulation signals 84i can have 
amplitudes higher than the maximum voltage by cascading 
two charge store devices, e.g., capacitors, together to form 
the charge pump 84d. Therefore, the stimulus Voltage can be 
higher (e.g., 6V) than the Voltage level a single capacitor can 
handle (e.g., 3.6 V). Although FIG.8 shows the charge pump 
84d separate from the transmit section 84e, the charge pump 
can be part of the transmit section. 
Touch sensor panel 86 can include a capacitive sensing 

medium having row traces (e.g., drive lines) and column 
traces (e.g., sense lines), although other sensing media can 
also be used. The row and column traces can be formed from 
a transparent conductive medium such as Indium Tin Oxide 
(ITO) or Antimony Tin Oxide (ATO), although other trans 
parent and non-transparent materials such as copper can also 
be used. In some embodiments, the row and column traces 
can be perpendicular to each other, although in other 
embodiments other non-Cartesian orientations are possible. 
For example, in a polar coordinate system, the sense lines 
can be concentric circles and the drive lines can be radially 
extending lines (or vice versa). It should be understood, 
therefore, that the terms “row' and “column” as used herein 
are intended to encompass not only orthogonal grids, but the 
intersecting traces of other geometric configurations having 
first and second dimensions (e.g. the concentric and radial 
lines of a polar-coordinate arrangement). The rows and 
columns can be formed on, for example, a single side of a 
Substantially transparent Substrate separated by a Substan 
tially transparent dielectric material, on opposite sides of the 
Substrate, on two separate Substrates separated by the dielec 
tric material, etc. 
At the “intersections of the traces, where the traces, pass 

above and below (cross) each other (but do not make direct 
electrical contact with each other), the traces can essentially 
form two electrodes (although more than two traces can 
intersect as well). Each intersection of row and column 
traces can represent a capacitive sensing node and can be 
viewed as picture element (pixel) 86a, which can be par 
ticularly useful when the touch sensor panel 86 is viewed as 
capturing an "image of touch. (In other words, after the 
touch controller 84 has determined whether a touch event 
has been detected at each touch sensor in the touch sensor 
panel, the pattern of touch sensors in the multi-touch panel 
at which a touch event occurred can be viewed as an 
“image' of touch (e.g. a pattern of fingers touching the 
panel).) The capacitance between row and column elec 
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trodes can appear as a stray capacitance Cstray when the 
given row is held at direct current (DC) voltage levels and 
as a mutual signal capacitance Csig when the given row is 
stimulated with an alternating current (AC) signal. The 
presence of a finger or other object near or on the touch 
sensor panel can be detected by measuring changes to a 
signal charge Qsig present at the pixels being touched, 
which can be a function of Csig. 

Computing system 80 can also include host processor 82 
for receiving outputs from the processor Subsystems 84a and 
performing actions based on the outputs that can include, but 
are not limited to, moving an object such as a cursor or 
pointer, Scrolling or panning, adjusting control settings, 
opening a file or document, viewing a menu, making a 
selection, executing instructions, operating a peripheral 
device connected to the host device, answering a telephone 
call, placing a telephone call, terminating a telephone call, 
changing the Volume or audio settings, storing information 
related to telephone communications such as addresses, 
frequently dialed numbers, received calls, missed calls, 
logging onto a computer or a computer network, permitting 
authorized individuals access to restricted areas of the 
computer or computer network, loading a user profile asso 
ciated with a user's preferred arrangement of the computer 
desktop, permitting access to web content, launching a 
particular program, encrypting or decoding a message, and/ 
or the like. The host processor 82 can also perform addi 
tional functions that may not be related to panel processing, 
and can be coupled to program storage 83 and display device 
81 such as an LCD display for providing a UI to a user of 
the device. In some embodiments, the host processor 82 can 
be a separate component from the touch controller 84, as 
shown. In other embodiments, the host processor 82 can be 
included as part of the touch controller 84. In still other 
embodiments, the functions of the host processor 82 can be 
performed by the processor subsystem 84a and/or distrib 
uted among other components of the touch controller 84. 
The display device 81 together with the touch sensor panel 
86, when located partially or entirely under the touch sensor 
panel or when integrated with the touch sensor panel, can 
form a touch sensitive device Such as a touch screen. 
A grounded State of the touch sensitive device can be 

determined by the processor in subsystem 84a, the host 
processor 82, dedicated logic Such as a state machine, or any 
combination thereof based on inputs from the sensors 85 and 
other information, according to various embodiments. 

Note that one or more of the functions described above 
can be performed, for example, by firmware stored in 
memory (e.g., one of the peripherals) and executed by the 
processor Subsystem 84a, or stored in the program storage 
83 and executed by the host processor 82. The firmware can 
also be stored and/or transported within any computer 
readable storage medium for use by or in connection with an 
instruction execution system, apparatus, or device. Such as a 
computer-based system, processor-containing system, or 
other system that can fetch the instructions from the instruc 
tion execution system, apparatus, or device and execute the 
instructions. In the context of this document, a "computer 
readable storage medium can be any medium that can 
contain or store the program for use by or in connection with 
the instruction execution system, apparatus, or device. The 
computer readable storage medium can include, but is not 
limited to, an electronic, magnetic, optical, electromagnetic, 
infrared, or semiconductor system, apparatus or device, a 
portable computer diskette (magnetic), a random access 
memory (RAM) (magnetic), a read-only memory (ROM) 
(magnetic), an erasable programmable read-only memory 
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(EPROM) (magnetic), a portable optical disc such a CD, 
CD-R, CD-RW, DVD, DVD-R, or DVD-RW, or flash 
memory Such as compact flash cards, secured digital cards, 
USB memory devices, memory sticks, and the like. 
The firmware can also be propagated within any transport 

medium for use by or in connection with an instruction 
execution system, apparatus, or device. Such as a computer 
based system, processor-containing system, or other system 
that can fetch the instructions from the instruction execution 
system, apparatus, or device and execute the instructions. In 
the context of this document, a “transport medium' can be 
any medium that can communicate, propagate or transport 
the program for use by or in connection with the instruction 
execution system, apparatus, or device. The transport 
medium can include, but is not limited to, an electronic, 
magnetic, optical, electromagnetic or infrared wired or wire 
less propagation medium. 

It is to be understood that the touch sensor panel is not 
limited to touch, as described in FIG. 8, but can be a 
proximity panel or any other panel according to various 
embodiments. In addition, the touch sensor panel described 
herein can be either a single-touch or a multi-touch sensor 
panel. 

It is further to be understood that the computing system is 
not limited to the components and configuration of FIG. 8, 
but can include other and/or additional components in 
various configurations capable of detecting the device's 
grounded State according to various embodiments. 

FIG. 9 illustrates an exemplary mobile telephone 90 that 
can include touch sensor panel 92, display 93, and other 
computing system blocks that can detect the telephone's 
grounded state according to various embodiments. 

FIG. 10 illustrates an exemplary digital media player 100 
that can include touch sensor panel 102, display 103, and 
other computing system blocks that can detect the players 
grounded State according to various embodiments. 

FIG. 11 illustrates an exemplary personal computer 110 
that can include touch sensor panel (trackpad) 112, display 
113, and other computing system blocks that can detect the 
computer's grounded State according to various embodi 
mentS. 
The mobile telephone, media player, and personal com 

puter of FIGS. 9 through 11 can realize power savings, 
improved accuracy, faster speed, and more robustness by 
detecting their grounded States according to various embodi 
mentS. 

Although parameters of the touch sensitive device are 
described herein as being used to detect the grounded State 
of the device, it is to be understood that these and/or other 
parameters can bemused for other purposes associated with 
the device. For example, parameters can be used to adjust 
the radiation output of the device to reduce radiation expo 
Sure during usage. Parameters can also be used to adjust the 
operation of the device to reduce power or other components 
based on the current usage of the device. 
To adjust the radiation output, parameters of the touch 

sensitive device can be checked to determine the orientation 
of the device and the proximity of the device to the user. The 
parameters’ values can be analyzed to determine whether the 
device is currently being held upright next to the user, e.g., 
whether the user is making a call on the device and is 
holding the device upright against an ear or at the mouth. For 
example, a motion sensor output as previously described can 
indicate the device's orientation and motion, a proximity 
sensor output as previously described can indicate whether 
the device is proximate to a user, a perimeter sensor output 
as previously described can indicate whether the device is 
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being held, a touch sensor panel output as previously 
described can also indicate whether the device is being held, 
a notification algorithm as previously described can indicate 
whether the device is currently executing a telephone appli 
cation, a connection output as previously described can 
indicate whether the device is plugged in, and so on. If the 
device is determined to be held upright next to the user, the 
radiation output of the device can be adjusted, e.g., reduced, 
to limit the user's radiation exposure. The parameters 
values can be either continuously or periodically checked 
and analyzed such that when the user moves the device to a 
flat position or away from the user, the radiation output of 
the device can be adjusted again, e.g., returned to its initial 
output. 

To adjust the usage of the device, parameters of the touch 
sensitive device can be checked to determine how the device 
is currently being used, e.g., whether the device is currently 
in a holster carried by a user, at a location away from the 
user, or in the users hand. For example, a motion sensor 
output as previously described can indicate the device's 
orientation and motion, a proximity sensor output as previ 
ously described can indicate whether the device is proximate 
to a user oran object, a perimeter sensor output as previously 
described can indicate whether the device is being held, a 
touch sensor panel output as previously described can also 
indicate whether the device is being held, a notification 
algorithm as previously described can indicate whether the 
device is currently executing an application or is idle, a 
connection output as previously described can indicate 
whether the device is plugged in, and so on. If the device is 
determined to be at a location away from the user, the ring 
tone can be increased so that the user can more easily hear 
a ring indicating an incoming call. If the device is deter 
mined to be in the holster, the ring tone can be switched to 
vibration mode so that the user can feel a vibration indicat 
ing an incoming call. If the device is determined to be in the 
users hand, the ring tone can be decreased or deactivated 
since the device is likely in use. In addition or alternatively, 
if the device is in the holster or in a location away from the 
user, the power consumption can be reduced to conserve 
power since the holster or the away location can be indica 
tive of idle time or non-usage. The parameters’ values can be 
either continuously or periodically checked and analyzed for 
change in use. 

FIG. 12 illustrates an exemplary method for detecting a 
state of a touch sensitive device according to various 
embodiments. In the example of FIG. 12, parameters of the 
touch sensitive device can be checked (120). The param 
eters’ values can be analyzed to determine the state of the 
device (122). For example, the parameters can be analyzed 
to determine whether the device is upright proximate to a 
user or whether the device is in a holster or a hand, as 
described previously. Based on the analysis, the device can 
be adjusted (124). For example, the device's outputs and/or 
operation can be adjusted. 

It is to be understood that the method is not limited to a 
touch sensitive device, but can be applied to other portable 
devices, as well as stationary devices, for which a grounded 
state (or any other state) can be detected. 

Although embodiments have been fully described with 
reference to the accompanying drawings, it is to be noted 
that various changes and modifications will become appar 
ent to those skilled in the art. Such changes and modifica 
tions are to be understood as being included within the scope 
of the various embodiments as defined by the appended 
claims. 
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What is claimed is: 
1. A touch sensitive device comprising: 
at least one device component configured to provide an 

output indicative of a state of the device, the at least one 
device component including a motion sensor or a 
proximity sensor, 

a touch sensing component configured to sense a touch at 
the device and to output one or more touch signals 
associated with the sensed touch; and 

a processor configured to 
determine a grounding condition of the device based on 

at least one of the output of the motion sensor or 
proximity sensor, and 

apply a function selectively to compensate one or more 
touch signals having a negative touch output value 
when the grounding condition is indicative of nega 
tive capacitance introduced into the device. 

2. The device of claim 1, wherein the device component 
is at least one of a connector sensor configured to sense a 
component connection to the device, a resistor detector 
configured to detect a resistor connection to the device, a 
motion sensor configured to sense at least one of motion or 
orientation of the device, a proximity sensor configured to 
sense a Surface proximate to the device, a perimeter sensor 
configured to sense an object in contact with a perimeter of 
the device, a property sensor configured to sense a property 
of an object proximate to the device, or an application 
indicator configured to indicate what type of application the 
device executes. 

3. The device of claim 2, wherein the processor is 
configured to determine the grounding condition of the 
device based on at least one of the component connection, 
the resistor connection, the device motion, the device ori 
entation, the proximate Surface, the perimeter contact, or the 
executed application. 

4. The device of claim 1, wherein the touch sensing 
component is configured to determine the portion of an 
object touching the device according to the touch signal. 

5. The device of claim 4, wherein the processor is 
configured to determine the grounding condition of the 
device based on the determined touching portion of the 
object. 

6. The device of claim 1, wherein the function reduces an 
error introduced into the one or more touch signals when the 
device is poorly grounded. 

7. The device of claim 1, wherein the processor is 
configured not to apply the function when the grounding 
condition is not indicative of negative capacitance intro 
duced into the device. 

8. The device of claim 1 incorporated into at least one of 
a mobile telephone, a digital media player, or a personal 
computer. 

9. A method comprising: 
capturing one or more touch signals indicative of a touch 

at a touch sensitive device; 
providing, with one or more device components including 

a motion sensor or a proximity sensor, an output 
indicative of at least one parameter value associated 
with a status of the device; 

determining a grounding condition of the device based on 
the output of the motion sensor or the proximity sensor; 
and 

applying a function selectively to compensate the one or 
more touch signals having a negative touch output 
value when the grounding condition is indicative of 
negative capacitance introduced into the device. 

10. The method of claim 9, wherein providing the param 
eter value comprises providing information corresponding 
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to at least one of whether the device is plugged into a wall 
outlet, whether the device is coupled to a grounded device, 
or whether the device is in physical contact with a user. 

11. The method of claim 9, wherein determining the 
grounding condition comprises determining whether the 
parameter value is indicative of a grounded State of the 
device. 

12. The method of claim 9, wherein determining the 
amount of adjustment comprises determining that no adjust 
ment is required when the grounding condition is not 
indicative of negative capacitance introduced into the 
device. 

13. The method of claim 9, wherein determining the 
amount of adjustment comprises determining the extent to 
which negative capacitance is introduced into the device and 
Scaling an adjustment amount of compensation proportion 
ate to the determined extent. 

14. The method of claim 9, comprising adjusting the one 
or more touch signals using the determined amount of 
compensation. 

15. A touch sensitive device comprising: 
one or more input components including a motion sensor 

or a proximity sensor, 
a touch sensor panel comprising multiple touch nodes, 

each touch node configured to output a touch signal 
indicative of a touch event at the device; and 

a processor configured to 
analyze one or more inputs from the input components, 
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determine a grounding condition of the device based on 

the analyzed inputs of the motion sensor or the 
proximity sensor, and 

apply a function to selectively compensate one or more 
touch signals having a negative touch output value 
when the grounding condition is indicative of nega 
tive capacitance introduced into the device. 

16. The device of claim 15, wherein the processor is 
configured to determine the extent to which negative capaci 
tance is introduced into the device and scale an adjustment 
amount of compensation proportionate to the determined 
eXtent. 

17. The device of claim 16, wherein the processor is 
configured to adjust the one or more touch signals using the 
determined amount of compensation. 

18. The device of claim 15, wherein the processor is 
configured to determine that no adjustment is required when 
the grounding condition is not indicative of negative capaci 
tance introduced into the device. 

19. The device of claim 15, wherein, when the grounding 
condition corresponds to the device being poorly grounded 
or being partially grounded, the processor is configured to 
activate the provided function to compensate the one or 
more touch values of the touch nodes for error introduced by 
the device into the touch values as a result of the device 
being poorly grounded or being partially grounded. 
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